Abstract. The purpose of this work is to study the Iosipescu shear test and more precisely its ability to characterize the shear modulus of a carbone/epoxy composite material. The parameters influencing this identification are the fibre orientation, the geometry of the notch and the boundary conditions. Initially these parameters were studied through the finite element analysis of the shear test. Then, the measurement of the shear strains was carried out by traditional methods of measurement (strain gauges) but also by optical methods. These optical methods: the digital image correlation and the electronic speckle pattern interferometry (ESPI); allow for various levels of loading, to reach a full-field measurement of the shear strain. This enabled us to study the strain distribution on the section between the two notches. The finite element model enabled us to study the parameters influencing the calculation of the shear modulus in comparison with strain gauges, image correlation and ESPI. This work makes it possible to conclude on optimal parameters for the Iosipescu test.
Introduction
Iosipescu proposed in 1967 a testing method of shear strength for metals. The Iosipescu test consists in applying a shear stress on a notched bar, in the shape of a couple, whose purpose is to determine resistance in shearing. The test specimen has two notches of °9 0 . The depth of each notch is equal to one quarter of the specimen. The experimental device is composed of two antisymmetric identical parts placed on both sides specimen and presented between the heads of the testing device (Fig. 1 ). Walrath and Adams adapted a new assembly starting from the Iosipescu test which was essential like standard test for composite materials (ASTM) [1, 2, 3] .
Fig.1. Iosipescu experimental device
Petterson and al [4, 5] have experimentally verified with image correlation that the distribution of the shear field depended on the fibres orientation and was not homogeneous and symmetrical in the central part of the specimen. For the test with °9 0 , the shear strains are maximum in the centre of the specimen between the notches, they decrease when approaching the notches ( Fig. 2-a) . For the test with °0 , the shear strains are maximum close to the notches and drop when approaching the centre of the specimen (Fig. 2-b) . Hawong and al [6] also showed the influence of the angle of notch on the distribution of the shearing stress field by photoelasticity on an isotropic material (resin). They show thus that for an angle of notch of °1 10 we obtain a more homogeneous of shear strain field in the centre of the specimen (Fig. 3) . Moreover, differences between the theoretical shear stress and the shear stress measured are lower with a specimen whose angle of notch is Two systems of full-field measurement of displacements and strain are available to the ENIT Laboratory. The image correlation is based on the analysis of grey levels for the measurement of displacement. The measurement of displacements and the calculation of deformations are carried out by Aramis software (GOM). Analysis techniques by image correlation are extremely sensitive; however the threshold for their use must be greater than 0.1% in strain [7] [8] [9] [10] [11] [12] . That is why we used in parallel another technique, the ESPI. This technique, based on the speckle interferometry, consists in colouring the surface of measurement in coherent light. The software IstraMs-Q100 by Dantec-Ettemeyer makes possible to calculate displacements then strains [13] [14] [15] .
umerical modelling
The purpose of modelling is to create a model that allows us to study the influence of parameters on the calculation of shear modulus. We concluded (based on the bibliography) that the parameters influencing the identification of the shear modulus were related to material characteristics (fibres orientation), the geometry of the specimen (angle of notch) and mode of loading (contact between the clamps and the specimen). The model carried out on Ansys made possible to study these parameters, to find the experimental results, and to conclude on optimal parameters.
Creation of the geometrical model parameterized in Ansys language
The geometrical parameter setting of the specimen is carried out according to figure 4. We vary these parameters to determine their influence on the identification of the shear modulus. We need to create a 2D model in plane stress using the parameters L, h, R, α and d. 
Study of convergence
The element retained for the mesh is a quadrilateral with 8 nodes: 2D-PLANE-82. The study focuses on the convergence of shear strain on the central part of the specimen. The mesh is increasingly fine if we approach the centre of the specimen. The result of this study gives a model with 18 000 elements, 55 000 nodes and approximately 110 000 dof (Fig. 5) . 
Optimization of the boundary conditions
The establishment of the boundary conditions of the Iosipescu test is the principal step that requires further investigation. Indeed, it alone determines the result of calculation by finite elements. We will use the same method as that described by Pierron [1] to model the contact between the clamps and the specimen. From the initial boundary conditions we will test the reaction forces and eliminate the boundary conditions that lead to illogical reaction forces. This iterative procedure or macro was developed in the language APDL (Ansys Parametric Design Language).
Our starting point is the model locked in displacement in y direction on the left part of the specimen in top and bottom, and a lock on x in the far left to exclude the rigid body translation in x. On the right side of the specimen, we apply a displacement of 0.1 mm in y direction in top and bottom ( Fig. 6-a) . After several iterations, we arrive in a stabilized state of the boundary conditions ( Fig. 6-b ). During the testing process, the macro is used to recover the reaction force at each node and check its sign depending on the orientation of the normal to the side. If the reaction force (FR) indicates that the clamp pulls the specimen (Fig.7) , which is impossible as both parts are not united, then the corresponding displacement condition is removed. Moreover the assembly modifies the conditions, there is a shift of the clamps compared to the beginning of V. We chose to study the influence of this shift by creating a parameter m (Fig. 8) . In order to compare the results with non-contact results and traditional methods results (strain gauges), we decided to retrieve the average shear strain over an equivalent area which has the same size of the gauge. Table1. Mechanical properties of carbon-epoxy specimens
Mechanical characteristics of the composite

Study of sensitivity using FE model
The study of sensitivity relates to the various parameters defined above. We present only the results for the orientation of fibres and the angle of the notch. The distance between notches has a significant influence only for the fibre orientation of 
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Fibres orientation
We chose to study the influence of the fibres orientation on the geometry of the specimens to compare the experimental results (Fig. 9) .
The fibres orientation in the specimen has an influence on the distribution of the shear strain field, on the boundary conditions and on the distribution of the load generated by the contact between the clamps and the specimen. The shear field is antisymmetric for the three fibre orientations. We set the movement to get the same load applied to each fibre orientation ( When we calculate the deformation at the centre of the specimen on equivalent zones to gauge sizes Ansys delivers similar results to experimental results recorded by the gauges. With the observation of the distribution of the deformations (Fig. 11) on the sheared section we find the results of the shear modulus calculation (Table 2) . presents a more homogeneous distribution on the section. The calculated shear modulus is close to the module of the material. This explains the variations in the calculation of the shear modulus when extensometric gauges are used ( Table 2 ). The area under the curves is identical for the three orientations of fibres. The three curves intersect in two points because the evolution curves for fibres oriented °0 and °9 0 vary in opposition.
Angle of notch
We chose to study the influence of the angle of the notch on the calculation of shear modulus with the geometry of standard specimens by changing only this parameter (Fig. 12) . The study is repeated for the three directions °0 ,
. Fig.12 . Geometry of the specimen
The purpose of the angle of notch is to locate the shearing strains on the same section. It therefore has a direct influence on the distribution of strains and thus on the measurement results of the shear modulus by the gauges. The variation of the deviation carried out in the calculation of the shear modulus is linear when we vary the angle of notch. We see that it is impossible to define an 
Full field measurements
Two devices of non contact measurement of displacements and strains are available at the Laboratory of ENIT. The first one is based on image stereocorrelation from two numerical cameras. The second one is a device based on the speckle interferometry starting from a laser source. Digital image correlation allows the measurement of displacement fields of a planar surface: a single camera acquires a sequence of images of a planar object under plane strain. Displacements of points on the surface of the object are calculated from the grey level analysis of the images. Given two images corresponding to two deformation states of an object, to determine the correspondent of a point and its signature of the first image in the second, a similarity function is used. Usually, the points are correlated by using a virtual grid that facilitates the calculation of strain from the measured displacements.
From its principle, the correlation technique can function correctly only with objects having a surface with a sufficiently random texture. If the object is not naturally textured or if its texture is not sufficiently discriminating, various techniques exist to al-low the use of correlation: illumination of the surface with a laser source to display a granular structure (speckle effect), paint projection...
Compared to the grid methods, the images correlation has many advantages including facility of preparation of the surface of the object (paint projection in a few seconds), when that is necessary, the density of information obtained (each pixel of the CCD array can be matched by correlation which provides a dense displacement field), the choice of the virtual grid used to calculate the strain from the displacement is carried out at post-processing data and can thus be adapted to the strain gradients. This is one of the biggest advantages of the correlation method compared to grid methods which impose the choice of the step of the grid at the moment of its deposit on the object before strain [6] .
Analysis techniques by images correlation are extremely sensitive and allow a very effective mechanical characterization. However, the threshold of their use must be higher than 0.1% in strain [7, 8] . This is why we used another optical measurement technique without contact, the ESPI. This technique, based on the speckle interferometry, consists in colouring the surface of measurement in coherent light on a CCD sensor. Under these conditions a granular structure (speckle), often comparable with noise is superimposed on the image. This structure is the signature or fingerprint of the surface of the sample. When the surface is deformed speckle structure changes and an analysis of its evolution allows measuring the strains (appearance of fringes). The laser beam is split into two similar beams, the first directed by a lens on the measurement surface and the second taken as reference is deviated by a splitter and observed by a CCD camera. The incident beam is reflected (by the measurement surface) and directed by a lens to the CCD camera via the splitter (Fig. 14) .
Fig. 14. Principle of ESPI
Experimental device
The tests are carried out on a tensile testing machine Instron by using a special assembly for the Iosipescu specimen carried out by EADS/ST (Fig. 15) . The control of the value of the load applied by the tensile testing machine is carried out using the Instron software. The speed applied is min / mm 5 . 0
. A rosette of 3 gauges with
°4
5 is stuck on the central part of the specimen. The acquisition is performed using a data logging system HBM UPM60 controlled by a PC with Catman software. A CCD camera will acquire images that are then analyzed using the Aramis software (correlation). The sensor Q-100 (ESPI) is placed directly on the useful zone of the specimen. For the correlation, an automatic synchronization was carried out from the analogical exit in displacement of the tensile testing machine all the 0.125mm. On the curves measured by the tensile testing machine (Fig. 16) , the three specimens have a similar behaviour with a displacement to the fracture of approximately 3 mm for a load of 2kN. The test was conducted in two phases, a first phase at small strains by manual steps (measurement by gauges and ESPI Q-100) noted "linear" and then a discharge and an increase at constant displacements speed until fracture of the specimen (measurement by gauges until delaminating and correlation Aramis 2D) noted "non-linear". 
Linear zone by ESPI
The first part of the test is performed by a displacement carried out manually on the tensile testing machine, imposed by the speckle interferometry system in order to reveal only a dozen fringes per step of displacement. This first part of test is made in small strain. For each test, a retrofit of clearance of approximately 0,6 mm was measured and the corresponding strain determined by ESPI allowed to correct the strain measured thereafter. Table 3 . Shear Measurement with ESPI Table 3 below shows the results for a specimen. This is the difference between the last step and the reference step. The measurement by ESPI is broken up into three values: "Average" corresponding to an average of measurements on a zone (or gauge) of size 5x5 mm equivalent to the strain gauge provided by EADS; "Min" and "max" corresponding respectively to the minimal and maximum value measured on this same zone.
We can note that between the average values corrected of and the shear modulus for ESPI, the error is approximately 2% compared to the gauge (reference). Table 4 presents the results for the same specimen that tested by interferometry. This is the difference between the first measurement with 0,249 mm and the reference step. The measurement by correlation is decomposed in the same way that for the previous measurement by ESPI (Average, Min, max).
Linear zone by correlation
We can note that between the average values corrected of xy ε for ARAMIS (linear zone) the error is approximately 22% compared to the gauge (reference) and for the shear modulus, the error is approximately 16%. Fig. 18-a 
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We can see that the error for an average value of xy ε by ARAMIS compared to our reference (gauge) is about 3%. (Fig. 19) , with more than 200 000 µm/m and 100 MPa which was impossible by technical standards (gauges of extensometry). enter a shear modulus of 4300 (respectively 4500) MPa in the FE model Ansys to find the same results ( Table 6 . Correlation test-calculation
Analysis of the distribution of strain on the section
The optical methods and FE calculating make it possible to analyze the distribution of the strains on the section. We can, while readjusting in load, compare the theoretical distribution with the distribution raised by the ESPI for each specimen. The curves of distribution of strain over the section measured by the ESPI have the same form as the theoretical curve obtained by Ansys for a shear modulus of 4500MPa (Fig. 20) . The ESPI results are equivalent to those of the strain gauges although the assembly generated inaccuracies. This method gives access strain on the central part of the specimen, allowing us to study the strain distribution on the section. The finite element model allowed us to understand the differences in calculation caused by gauge measurements between different fibre orientations and to identify the shear modulus of the material (4300 to 4500 MPa).
The FE model also makes it possible to conclude on the optimal parameters of the 
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In addition, the digital images correlation used to obtain the shear modulus until the fracture of the specimen, with more than 200 000 µm/m and 100 MPa which was impossible by standard techniques (strain gauges).
